The aim of this article is to examine how agriculture and non-agriculture growth and inflation affect income inequality. The multivariate panel data approach is used to examine the application of Kuznets hypothesis between income inequality and agriculture and non-agriculture growth and test the existence of nonlinear relationship between income inequality and inflation rate in a large sample of data collected for developed and developing countries. The Hodrick-Prescott (HP) filter is used to separate the cyclical component from the trend component of inflation rate and agriculture and non-agriculture growth. The results demonstrate a significant negative nonlinear relationship between income inequality and the HP filtered inflation rate squared in developed countries. The findings confirm the application of a 'U-shaped' of Kuznets curve between income inequality and agriculture growth and between income inequality and non-agriculture growth in developed countries. In addition, the results show Kuznets inverted 'U-shaped' curve between agriculture growth and income inequality, and Kuznets 'U-shaped' curve between non-agriculture growth and income inequality in developing countries.
Introduction
In the mainstream literature, the study of the relationship between the economic growth, inflation, and the distribution of income is very important and has been devoted considerable attention of research from both academia and organizations. The equitable distribution of income with sustainable economic growth lies at the heart of an enduring issue in political economy and thus concerning some politicians and decision makers. Wright (2017) analyzed the relationship between the public's level of concern for income inequality and support for government intervention by using survey data going back to 1966 and found that support for government intervention do not follow the concern for income inequality (Figure 1 ). It is believed that the governments are responsible for inefficient fiscal policies that led to higher income inequality and inefficient allocation of resources. Furthermore, the gap between the poor and the rich people has accelerated by implementing an inefficient monetary policy in the countries.
In the economics of well-being, it is very important to increase economic welfare with avoiding income inequality which needs to increase economic growth and control surges in inflation or deflation. Kuznets (1955) analyzed the development path of the rich and the poor countries and developed the hypothesis that as an economy develops, income inequality first increases and then it decreases. He investigated the factors such as education, lower inter-sectoral productivity differences, lower return to capital, and political pressure for social transfers. He then looked at factors such as transfers of labor from agriculture to the other sectors specifically manufacturing and found that income inequality rises and reaches to its highest level and then decreases.
Historical data show that the gap between the rich and the poor is widening in all countries, specifically in the advanced countries, and therefore the current upswing in income inequality as the second Kuznets curve in the new age might be driven by the factors such as technological revolution and the transfer of the labor from more homogenous manufacturing into skilled heterogeneous services (Milanovic, 2016) . This article is a contribution to identifying the relationship between income inequality and agriculture and non-agriculture value added per capita on one hand, and the relationship between income inequality and inflation on the other hand. The study carried out for data over the 1990-2014 periods in a large sample of developed and developing countries. The author aims to quantify the underlie factors contributing to income inequality in the agriculture and non-agriculture sectors and determine any evidence for the existence of an inverted 'U-Shaped' Kuznets hypothesis between sectors growth and income inequality. The motivation behind of this article is to identify whether income inequality exists in developed and developing countries at their own stage of development. Addressing this question will help us draw practical inference for strategy policy considerations. In addition, this article determines if there is any nonlinear relationship between inflation and income inequality.
The rest of the article is organized as follows. Section 2 reviews the literature. Section 3 describes the data used for the study. Section 4 presents the methods of analysis. The results of regression analysis presented in Section 5, and Section 6 concludes the article.
Literature Review
There are a few studies on the factor influencing income inequality trying to understand why income inequality has increased in most countries. Some of these studies focus on the monetary policy's effects on income inequality while others analyze the fiscal policy effect. Some of the studies have considered the demographic factors and the others have investigated the effects of globalization and Foreign Direct Investment (FDI) on income inequality. This section reviews some of the related studies. Adams (2003) investigated the impact of economic growth on poverty and inequality by using a panel data of 50 developing countries. He used two different approaches for economic growth including 1) measures by survey mean income (consumption), and 2) measures by Gross Domestic Product (GDP) per capita. The results showed a strong statistical relationship between the survey mean income or consumption and poverty reduction; whereas, no strong relationship between GDP per capita and poverty reduction was observed. Furthermore, Adams reported that the elasticity of poverty with respect to the survey mean income as a measure for economic growth accounted about -2.59. Liu and Sicular (2008) identified the determinants of nonagricultural income and employment and assessed the contribution of these determinants to income inequality in the Chinese economy. The results indicated that education inequality and regional development plays important roles in nonagricultural income inequality. According to their results, education inequality accounts for 9% and 36% of the wage and self-employment income inequality, while the community characteristics accounts for 46% and 32% of the wage and self-employment income inequality.
El Benni et al. (2011) discussed the development of income inequality in the production of Swiss agriculture by valley, hill and mountain regions for the period of 1990 to 2009. The results demonstrated that household income inequality increased in the sample of study. It was reported that the effects of agricultural policy reforms on income inequality were different in the regions. They found that: 1) an increase in direct payment income would decrease the household income inequality, and 2) off-farm income decreases income inequality; while 3) market income increases income inequality. Khattak et al. (2014) examined the relationship between economic growth, income distribution, and inflation, and examined the existence of Kuznets hypothesis in Pakistan for the period of 1980-2002. They used Johnson's ijef.ccsenet.org International Journal of Economics and Finance Vol. 11, No. 11; 2019 cointegration analysis and found that income inequality has a positive long-run relationship with economic growth, and inflation. The results confirmed the existence of Kuznets hypothesis in Pakistan. Ali et al. (2014) examined the effects of agriculture and service sector value added, exports and Foreign Direct Investment (FDI) on income inequality in Pakistan. The results showed that all variables, except service sector value added, have negative significant long-run effect on income inequality. Bouincha and Karim (2018) analyzed the causality relationship between economic growth and inequality by using a panel data of 189 countries for the period of 1990-2015. The results showed that economic growth is not significant in the global model and in the developing countries, but it has statistically negative relationship with inequality in developed countries. The results confirmed the application of Kuznets hypothesis when economic growth is measured by the Human Development Indicator (HDI).
Siami-Namini and Hudson (2019a) investigated linear and nonlinear impacts of inflation on income inequality and tested the Kuznets hypothesis by using a panel data of 24 developed countries and 66 developing countries for the period of 1990 to 2014. They used the Toda-Yamamoto (1995) and Vector Error Correction Model (VECM) and found a nonlinear relationship between inflation and income inequality. They also confirmed the existence of Kuznets 'U-shaped' and inverted 'U-shaped' hypothesis between income inequality and real GDP per capita in developed and developing countries. They did not find bidirectional Granger causality between inflation and income inequality in the short-run, but there was in the long-run for both developed and developing countries.
Siami-Namini and Hudson (2019b) examined the effects of sector growth and monetary policy on income inequality by using a cross-country panel of 92 developing countries for the period 1990-2014. They found that agricultural and industrial sectors growth have a dominate impact in reducing income inequality. However, service sector growth had positive effect on income inequality in the developing countries. Their results confirmed the existence of Kuznets inverted 'U-shaped' hypothesis for industry sector growth and Kuznets 'U-shaped' hypothesis for service sector growth. They found that service sector growth and inflation affect income inequality in the long run.
Much of the studies and discussion regarding the relationship between economic growth and income inequality is based on Kuznets hypothesis. However, only a few studies have analyzed the nonlinear relationship between income inequality and inflation under the Kuznets hypothesis curve. Furthermore, there is no empirical evidence in analyzing the effects of agriculture and non-agriculture value added per capita, and inflation on income inequality and testing the application of Kuznets hypothesis in agriculture and non-agriculture value added per capita and at the same time examining the nonlinear relationship between inflation and income inequality is the main contribution of this article to the literature.
Data
The study and analyses carry out in this article are based on an annual balanced panel data set of 26 developed and 66 developing countries from 1990 to 2014, which have been collected from the World Bank website (Note 1). The author collected 1) the GINI index as a measure of income inequality, 2) real Gross Domestic Product (GDP) per capita (constant 2005 US$), 3) Consumer Price Index (CPI) inflation, 4) urbanization index, 5) real agriculture and real non-agriculture value added per capita (constant 2005 US$), 6) openness to international trade, and 7) unemployment rate.
The Hodrick and Prescott (1981) filter (the HP filter) is used to estimate the anticipated (long-run component) and unanticipated (short-run component) inflation, the HP filter absorbed real GDP and GDP gap (or the cyclical component of real GDP), and decomposes real agriculture and non-agriculture value added per capita by long-run and short-run components. Table 1 represents description of the data series. Table 2 summarizes the descriptive statistics of the time series data collected for developed and developing countries. All the time series data are used in the log form. As reported in Table 2 , for developed countries:
• The average of the log of real GDP per capita is 9.9223,
•
The log of GINI index on average is 3.4573 (or 31.73 percent after taking antilog),
•
The log of inflation rate on average is 1.1435 (or 3.138 percent after taking antilog),
• The log of real agriculture value added per capita on average is 6.0622,
The log of real non-agriculture valued added per capita on average is 9.8944. On the other hand, for developing countries:
• The log of real GDP per capita on average is 7.1677,
The log of GINI index on average is 3.7299 (or 41.67 percent after taking antilog),
The log of inflation rate on average is 2.0347 (or 7.65 percent after taking antilog),
• The log of real agriculture value added per capita on average is 5.1566,
The log of real non-agriculture valued added per capita on average is 6.9686. 
Method
The author uses a multivariate panel data approach carried out in several steps as follows:
The Relationship Amongst Income Inequality, Agricultural and Nonagricultural Growth
As a general theory of income distribution, the author examines the application of the Kuznets hypothesis in the first step. Kuznets (1955) indicates that as per capita income increases, income inequality increases at first stage (developing or pre-industrial economies) but then, after reaching some turning point income inequality (industrial economies) starts declining (developed or post-industrial economies/service economy). Kuznets debates that the distribution of income becomes more unequal at the early stages of income growth but that the distribution eventually moves back toward greater equality as economic growth continues. This changing in ijef.ccsenet.org
International Journal of Economics and Finance Vol. 11, No. 11; 2019 relationship between per capita income and income inequality can be presented by a 'bell-shaped' curve or inverted 'U-shaped' known as the Kuznets hypothesis (Kuznets, 1955; 1963) , which is in harmony with the Lewis dual economy model (Lewis, 1954) .
According to the Kuznets's hypothesis of inverted 'U-shaped' in explaining the path of inequality, if agriculture workers all earn a low wage and industry workers earn an identical higher wage, then the transition from agriculture to industry will create an inverted 'U-shaped' in inequality. In time, as more of the population moves out of the traditional, rural, agriculture sector into the modern, urban, industry sectors and real wages in industry begin to rise, income inequality decreases (Deutsch and Silber, 2004) .
The functional form of the model for investigating the contribution of economic sector growth in income inequality in this study is given by:
where:
• lnGINI it is the log of GINI index as a measure of income inequality,
• lnAGR it is the log of real agriculture value added per capita,
• (lnAGR it ) 2 is the log of real agriculture value added per capita squared,
• lnNAGR it is the log of real nonagricultural value added per capita,
• (lnNAGR it ) 2 is the log of real nonagricultural value added per capita squared,
• lnX it is a set of control variables such as unemployment rate, urbanization, and openness to international trade,
• ε it is the error term.
The subscript and denote country and time, respectively. The coefficient β 1 > 0 and β 2 < 0 and also β 3 > 0 and β 4 < 0 are regularly predicted in testing intended for the Kuznets inverted 'U-shaped' hypothesis for agricultural and nonagricultural sectors, respectively. The coefficient β 0 is the intercept term.
The Nonlinear Relationship Between Income Inequality and Inflation
Following the Amornthum (2004) and Bulir (2001) , the author estimates the nonlinearity relationship between inflation and income inequality and test the application of the Kuznets hypothesis in the developed and developing countries. The effect of inflation and real agriculture and non-agriculture value added per capita on income inequality is distinguished between the long-run and the short-run. The general form of quadratic function is as = 0 + 1 + 2 ( ) 2 + 3 + 4 ( ) 2 + 5 + 6 ( ) 2 + +
• GINI it is the log of GINI index as a measure of income inequality,
• lnAGR it is the log of real agricultural value added per capita,
• (lnAGR it ) 2 is the log of real agricultural value added per capita squared,
• lnπ it is the log of inflation rate,
• (lnπ it ) 2 is the log of inflation rate squared,
• lnX it is the log of control variables such as unemployment rate, urbanization, and openness to international trade,
The subscript and denote country and time, respectively. The coefficient δ 1 > 0 and δ 2 < 0 and also δ 3 > 0 and δ 4 < 0 are regularly predicted in testing the application of Kuznets inverted 'U-shaped' hypothesis (Gallup, 2012) . Also, the coefficient δ 5 < 0 and δ 6 > 0 are testing the application of nonlinearity relationship between inflation and income distribution. The coefficient β 0 is the intercept term.
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Results
This section evaluates the time series data for the purpose of stationary and non-stationary properties. The author applies panel data approach for testing the unit root null hypothesis. The power of the panel unit root test is higher than using a separate unit root test for each individual (country) time series (Levin et al., 2002) . A panel data is denoted I (0) when it is stationary at each level, and I (d) when it must be different over the times in order to achieve stationarity. The results of panel unit root tests illustrate that some of time series data are stationary (integrated of order zero I (0) in level), and the other time series data are non-stationary (integrated of order one I (1) in level). In this article, the non-stationary variables become stationary after taking first difference. The empirical results of a multiple regression analysis fitted for the developed and developing countries' data are given in the two next subsections.
The Estimation Results for Developed Countries
The estimation results of the multivariate panel data regression analysis for the developed countries are presented in Table 3 . The author estimated five individual models for the developed countries. As shown in Table 3 , the results show a significant negative correlation between income inequality and the aggregated inflation rate in model (1) for the developed countries. Model (2) identifies a non-significant positive link between income inequality and the aggregated inflation rate, and a significant negative nonlinear link between income inequality and the aggregate inflation rate squared. In model (3), the results show a non-significant negative link between income inequality and the HP filtered inflation rate. In model (4), the results show a non-significant negative link between income inequality and the HP filtered inflation rate, and a non-significant negative relationship between income inequality and inflation gap or the cyclical component of inflation rate. In model (5), with the adding of the HP filtered inflation rate squared, the results show a significant positive linear relationship between income inequality and the HP filtered inflation rate, a significant negative nonlinear relationship between income inequality and the HP filtered inflation rate squared, and a non-significant negative link between income inequality and inflation gap in developed countries. As shown in Table 3 , the R 2 coefficient of determination are almost the same in all five estimated models for developed countries.
The author identifies a significant nonlinear link between real agriculture value added per capita and income inequality in all five models. However, the results are not consistent with the existence of an inverted 'U-shaped' of Kuznets curve between income inequality and real agriculture value added per capita. The results confirm the application of a 'U-shaped' of Kuznets curve between income inequality and the agriculture value added per capita for the developed countries. In all five estimated models, the coefficient of agriculture gap or the cyclical component of real agriculture value added per capita is positive, but it is not significant at 5 percent significance level. The same results are found for real non-agriculture value added per capita in all five models, which confirms the existence of a 'U-shaped' curve between non-agriculture value added per capita and income inequality. The coefficient of non-agriculture gap or the cyclical component of real non-agriculture value added per capita is a positive correlation statistically significant at 5 percent significance level in model (1), (3), and (4). The results show a significant positive pro-cyclical link between non-agriculture gap and income inequality in all five estimated models in developed countries.
The other control variables are significant at 5 percent significance level in all five models. The findings show a significant positive relationship between unemployment rate and income inequality as expected. The results show a significant negative link between openness to trade and income inequality, and a significant negative relationship between urbanization index and income inequality in all five models for developed countries (Siami-Namini & Hudson, 2019a and 2019b; Siami-Namini, 2019; Shirvani et al., 2019; Shirvani & Volchenkov, 2019; Siami-Namini et al., 2018; Siami-Namini, 2017; Khalessi & Siami-Namini, 2004) .
The Estimation Results for Developing Countries
The estimation results of the multivariate panel data regression analysis for the developing countries are presented in Table 3 . The author estimated five separate models simultaneously for the developing countries. As shown in Table 3 , the results show a significant negative correlation between income inequality and the aggregate inflation rate in model (1). In model (2), the author identifies a non-significant negative link between income inequality and the aggregate inflation rate and a significant negative link between income inequality and the aggregate inflation rate squared at 10 percent significance level. The results also show a negative significant link between income inequality and the HP filtered inflation rate in model (3). The results show a non-significant negative link between income inequality and inflation gap or the cyclical component of inflation rate in model (4). In model (5), with the adding of the HP filtered inflation squared for testing the existence of a nonlinear relationship, the findings show a significant negative linear relation between income inequality and the HP ijef.ccsenet.org
International Journal of Economics and Finance Vol. 11, No. 11; 2019 filtered inflation rate and also a non-significant positive relationship between income inequality and the HP filtered squared for the developing countries. The coefficient of inflation gap or the cyclical component of inflation rate is negative, but it is not significant. The R 2 coefficients of determination are almost the same in all five estimated models in the developing countries.
The author observes a significant nonlinear link between real agriculture value added per capita and income inequality in all five models at 10 percent significant level. The results are consistent with the existence of Kuznets inverted 'U-shaped' hypothesis between income inequality and real agriculture value added per capita.
That is, as real agriculture value added per capita increases, income inequality first goes up and then comes back down. Similar results were also observed for real non-agriculture value added per capita in all five models for the developing countries. However, for this case, the results are consistent with the existence of Kuznets 'U-shaped' hypothesis between income inequality and real non-agriculture value added per capita. The results show a significant negative link between agriculture gap or the cyclical component of real agriculture value added per capita and income inequality, and a significant positive relationship between non-agriculture gap or the cyclical component of real non-agriculture value added per capita and income inequality in all five estimated models in the developing countries. The other control variables are significant at 5 percent significance level in all five estimation models. The results show a significant positive relationship between unemployment rate and income inequality. The results show a significant negative link between openness to trade and income inequality, and a significant negative relationship between urbanization index and income inequality in all five estimated models for the developing countries.
Conclusion
This article explores the relationship amongst real agriculture and non-agriculture value added per capita, inflation and income inequality in a large sample of data collected for selected developed and developing countries. The multivariate panel data approach is used to examine the application of Kuznets hypothesis between income inequality and agriculture and non-agriculture growth and test the existence of nonlinear relationship between income inequality and inflation rate. The panel unit root test is used to identify the stationary of time series data. The HP filter is used to separate the cyclical component from the trend component of inflation rate and real agriculture and non-agriculture value added per capita.
The author estimates five individual models for both developed and developing countries. The results describe a significant positive linear relationship between income inequality and the HP filtered inflation rate, a significant negative nonlinear relationship between income inequality and the HP filtered inflation rate squared, and a non-significant negative link between income inequality and inflation gap in the developed countries. For developing countries, the findings show a significant negative linear relation between income inequality and the HP filtered inflation rate, and a non-significant positive relationship between income inequality and the HP filtered squared.
The author uses real agriculture and non-agriculture value added per capita as two components of GDP. The results confirm the application of a 'U-shaped' of Kuznets curve between income inequality and agriculture value added per capita and between income inequality and non-agriculture value added per capita in developed countries. The results show the existence of nonlinear relation between real agriculture value added per capita and income inequality (inverted 'U-shaped' curve), and between non-agriculture value added per capita and income inequality ('U-shaped' curve) for developing countries.
The results show a significant positive relationship between unemployment rate and income inequality, a significant negative link between openness to trade and income inequality, and a significant negative relationship between urbanization index and income inequality in all estimation models for both developed and developing countries.
